. The coordination environment of Zn(II) ions in the title complex with 30% probability thermal ellipsoids. Lattice water molecule and free 4,4'-bpy molecule and all hydrogen atoms are omitted for clarity. In recent years, the construction of metal-organic frameworks with open channels or cavities has been focused on because of their intriguing variety of architectures and potentially interesting properties. [1] [2] [3] [4] [5] In general, we can select the appropriate organic molecules and metal-ion building blocks to assemble multidimensional networks containing channels or cavities of various sizes and shapes. [6] [7] [8] [9] [10] [11] 5 However, the complexes, especially to the low dimensional complexes with channels or cavities in two different directions have rarely been reported. 12, 13 In this paper, we synthesized the title complex, [Zn(PZDC)(4,4'-bpy)0.5(H2O)2]·(4,4'-bpy)0.5·H2O (I) with pyrazine-2,6-dicarboxylic (H 2 PZDC) and auxiliary ligand 4,4'-bpy, which has the novel 3D supramolecular network with open 2D channels. Such structural feature, to the best of our knowledge, has never been described before in the system of metal-PZDC complexes. [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] In the complex, free 4,4'-bpy molecule may serve as a structure directing (or 'templating') agent thus resulting in the formation of the structure.
Single crystal X-ray structural analysis reveals that the title complex (I) crystallizes in orthorhombic I222 space group and exhibits a unique 3D supramolecular network containing open 2D channels along the a-and b-axis. In the asymmetric unit, there is only one crystallographically independent Zn(II) ion, one PZDC ligand, half of coordinated 4,4'-bpy as well as half of free 4,4'-bpy molecule, and two coordinated water molecules together with one free water molecule. The Zn(II) ion is six-coordinated, by two nitrogen atoms and one oxygen atom from one PZDC ligand, one nitrogen atom from one 4,4'-bpy molecule and two oxygen atoms from two water molecules. Therefore, the local coordination geometry of Zn(II) ion is in a distorted octahedron with a N2O4 donor net and is shown in Figure 1 .
In the title complex, the coordinated 4,4'-bpy molecule bridges two Zn(II) ions to generate a binuclear unit. Such binuclear units as the building blocks are linked by rich hydrogen bonds and π-π stacking interactions into 3D supramolecular network, which has open 2D channels and the channels volume is 37.8% of the total crystal volume as estimated by PLATON. Interestingly, in the complex the shape and size of the two channels are different. Along the a-axis, these 1D supramolecular chains are arranged alternatively by hydrogen bonds between the coordinated water molecule and the uncoordinated carboxylate oxygen atoms into 3D supramolecular network containing the 1D rectangular channels with the dimension of approximate 10.131×10.652 Å 2 , which are occupied by the free 4,4'-bpy molecules (see Figure 2a) . Table 2 . Select bond lengths (Å) and angles (°) for the title complex.
Zn ( Along the b-axis, these 1D supramolecular chains are assembled into 3D network structure with 1D rhombic channels in which the guest water molecules reside, as shown in Figure 2b . In such packing fashion, the coordinated 4,4'-bpy and uncoordinated 4,4'-bpy molecules crisscross in different directions to form beautiful flower-like structure with the 4,4'-bpy molecules overlapping and showing weak π-π interactions (with the distance of 3.358 Å). Guest water molecules reside in these channels, which take part in extensive hydrogen bonds. Figure 3a shows the schematic diagram of the open 2D channels of the title complex which contains the guest water and 4,4'-bpy molecules. The most interesting feature of the complex is that the guest water molecules and free 4,4'-bpy molecules in the two channels form the ladder-like hydrogen-bonded chains. The water-4,4'-bpy chain consists of water molecule bridge which is disordered and the 4,4'-bpy rod. Four water molecules (with the occupancy of 65%) lie in the apexes of tetrahedron with the average O water -O water separation is 2.798 Å, and another four pendent water molecules (with the occupancy of 35%) connect with the four water molecules, respectively. On the other hand, the four pendent water molecules link with free 4,4'-bpy molecules via hydrogen bonds (O-H···N) to form the infinite ladder-like chains, as shown in Figure 3b . In the complex, free 4,4'-bpy may play a template role in the construction of the supramolecular structure.
Experimental Section
General methods and materials. Pyrazine-2,6-dicarboxylic acid dihydrate was synthesized according to the literature. [24] [25] [26] All the other reagents were used as received without further purification. The C, H, N analyses were carried out with a Vario EL elemental analyzer. The IR spectrum was recorded with a Nicolet Avatar 360 FT-IR spectrometer using the KBr pellet technique. X-ray crystallographic study. The single-crystal X-ray data collection for the title complex was performed with a Bruker SMART 1000 CCD diffractmeter, using graphite-monochromatized Mo-Kα radiation (λ = 0.71073Å). Semi-empirical absorption corrections were applied using the SADABS program. 27 The structure was solved by direct methods 28 and refined by full-matrix least squares on F 2 using the SHELXL-97 program. 29 All non-hydrogen atoms were refined anisotropically. The hydrogen atoms were generated geometrically and treated by a mixture of independent and constrained refinement. The crystallographic data for the complex are listed in Table 1 , selected bond lengths (Å) and angles (°) are listed in Table 2 , the details of the hydrogen bonds for the complex are listed in Table 3 .
